Keywords: cystectomy dermoid cyst endoscopic bag laparoscopy vaginal trocar a b s t r a c t Objective: Surgical management of dermoid cysts remains controversial, and some surgeons prefer to approach these cysts via laparotomy due to the high risk of intraperitoneal cyst rupture in laparoscopic surgery and the related risks of chemical peritonitis. In our hospital, laparoscopic-assisted cystectomy (LAC) has been performed as a gasless laparoscopic surgery using an abdominal wall lifting method with a 3e5-cm transverse suprapubic incision that enables the dermoid cyst to be approached directly, as in laparotomy. Although LAC is safe and effective, it is performed in only specific areas and limited institutes. Therefore, we developed the "bathtub method," a modified laparoscopic method that uses an endoscopic bag inserted through the vagina. The cyst is enucleated within the bag to catch cyst spillage. We compared results of the bathtub method with those of LAC. Methods: We evaluated 37 patients scheduled for laparoscopic cystectomy with the bathtub method and 37 patients scheduled for LAC. Results: Intraoperative cyst rupture occurred in 22 patients treated with the bathtub method; the majority of the cyst contents spilled into the endoscopic bag. White blood cell count and C-reactive protein level on postoperative Day 1 were 7708.3 ± 1920.0/mL and 0.91 ± 1.0 mg/dL, respectively, for the bathtub method versus 9913.9 ± 2644.9/mL and 2.7 ± 1.9 mg/dL for LAC (p < 0.01 for both). There was no secondary chemical peritonitis in either group. Conclusion: The bathtub method is less invasive than is LAC, with unremarkable scarring and minimum spillage. It is considered safe and useful.
Introduction
Dermoid cysts represent 21% of all ovarian tumors and are some of the most common benign ovarian lesions. 1 The laparoscopic approach has become increasingly accepted for surgical treatment of dermoid cysts. Because most patients with dermoid cysts are of reproductive age, a conservative approach is ideal; laparoscopy may minimize adhesion formation and thus decrease the chance of compromising fertility. However, the surgical management of dermoid cysts remains controversial, and some surgeons prefer to approach these cysts via laparotomy due to the high risk of intraperitoneal cyst rupture in laparoscopic surgery 2 and the related risks of chemical peritonitis 3 or spread of any neoplastic cells. The laparoscopic approach is associated with a greater risk of spillage of cyst contents into the peritoneal cavity. In a review of the literature that combined reports of 470 laparoscopic dermoid cystectomies, spillage occurred in 310 cases (66%). 4 The rate of clinical chemical peritonitis following spillage from laparoscopic dermoid cystectomy is 0.2%. 5 To reduce the risk of spillage during laparoscopy, several methods have been reported. Some authors have proposed removing dermoid cysts via the vaginal route. 6 Morelli et al 7 noted
that a mesial side ovarian incision was effective in avoiding dermoid cyst rupture, because the spillage rate was only 3%. However,
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intraperitoneal spillage of cyst contents could not be prevented completely.
An alternative approach to avoid those complications is a gasless laparoscopic surgery using an abdominal lifting method with a 3e5-cm transverse suprapubic incision that enables the dermoid cyst to be approached directly, as in laparotomy. This method is called "laparoscopic-assisted cystectomy (LAC)." In our hospital, LAC has been performed as a gasless laparoscopic surgery using the abdominal wall lifting method since 1999. 8 Although LAC is safe and effective, it is performed in only specific areas and limited institutes, including our hospital. For global applicability, a laparoscopic approach might be preferable if those problems could be improved. Endoscopic bags to retrieve ovarian cysts are widely used to prevent intraperitoneal spillage. 9, 10 Although spillage rates vary based on the removal method (62% for port removal without an endoscopic bag and 13.6% for removal within an endoscopic bag 5 ), an abdominal port with a diameter of 2 cm is sometimes required for the insertion of an endoscopic bag to retrieve hard teeth or cartilage tissues of dermoid cysts. If an endoscopic bag is placed at the beginning of surgery, the forceps and endoscopic bag occupy the abdominal port and often disturb the view of the operation.
To solve these problems, we developed the "bathtub method," which is a modified laparoscopic method to enucleate ovarian dermoid cysts by inserting an endoscopic bag through a 12-mm vaginal port, thereby ensuring minimum spillage. The purpose of this study was to compare the feasibility and safety of the bathtub method with those of LAC in the surgical management of ovarian dermoid cysts.
Materials and methods
Between January 2010 and April 2015, 101 patients were scheduled for laparoscopic cystectomy of ovarian dermoid cysts with the bathtub method or LAC. Thirty-seven of those have undergone laparoscopic cystectomy with the bathtub method since September 2011, and 64 of them have undergone LAC. Among the 64 patients who received LAC, we evaluated data from only 37 patients in whom the cyst diameters were limited to <7.5 cm, because the study included only those cases in which the diameter of the endoscopic bag used in the bathtub method was 10 cm (study inclusion criterion). These 37 enrolled patients mainly underwent cystectomy (LAC) from January 2010 to September 2011. In each case, informed consent was obtained. The protocol was approved by our local ethics committee, and it conforms to the provisions of the Declaration of Helsinki (as revised in Tokyo 2004). All surgical procedures were standardized and performed under the supervision of the lead author.
The efficacy of the bathtub method was retrospectively verified by comparing data from the patients who were scheduled for surgery with the bathtub method with those from 37 matched control patients scheduled for LAC.
The preoperative diagnosis of ovarian dermoid cyst was established by transvaginal ultrasonography. 11 Magnetic resonance imaging was used to distinguish between benign dermoid cysts and malignant ovarian cysts in most cases. The indications for the bathtub method were that the dermoid cysts showed no malignancy based on the preoperative work-up, and that the diameters of the cysts were <7.5 cm because of the 10-cm diameter of the endoscopic bag. Age, body mass index, nullipara or multipara, cyst diameter, and the unilateral or bilateral nature of the cysts were recorded for all patients as preoperative characteristics. Operative time and blood loss were compared between groups as parameters related to procedural difficulty. Furthermore, white blood cell (WBC) count, C-reactive protein (CRP) level, and the Numeric Rating Scale (NRS) results for pain intensity 12 on postoperative Day 1 were compared between groups as parameters related to procedural invasiveness. Measurement of serum anti-Müllerian hormone (AMH) was performed in 10 patients prior to surgery and at 1 month after cystectomy to assess ovarian reserve. 13 Normally distributed data are reported as mean ± standard deviation. Statistical comparisons were made using the Chi-squared test, ManneWhitney U test, or paired Student t test. Values of p < 0.05 were considered statistically significant.
Bathtub method
For the bathtub method, the patient was placed in the dorsal lithotomy position on the operating table under general anesthesia. The laparoscope was inserted using a 5-mm umbilical port, and three 3-mm ancillary ports were introduced suprapubically ( Figure 1A ). Pneumoperitoneum of 10 mmHg was established using carbon dioxide insufflation and maintained constantly throughout the surgery. An intrauterine manipulator was positioned to mobilize the uterus during surgery. A 12-mm port was introduced into the posterior vaginal fornix after the absence of adhesions around the pouch of Douglas was confirmed. An endoscopic bag (diameter 10 cm; ENDOPOUCH; Ethicon, Somerville, NJ, USA) was inserted into the abdominal cavity through the vaginal port, and the dermoid cyst was then placed into the bag, within which the cyst was enucleated (Figures 1Be1D). We selected the name "bathtub method," because the swollen ovary appears to be soaking in the bathtub of an endoscopic bag.
If the cyst wall was ruptured during enucleation, the majority of the cyst contents spilled into the endoscopic bag ( Figure 1E) . The cyst was then removed from the abdominal cavity in the same bag. The vaginal wound was transvaginally closed by interrupted suture. In all patients, the abdominal cavity was washed using saline solution at the end of the surgery, and clear fluid was confirmed macroscopically.
Laparoscopic-assisted cystectomy
LAC was performed as a gasless laparoscopic surgery using the abdominal lifting method with a 3e5-cm transverse suprapubic incision as previously described. 8 In all patients undergoing LAC, a 1-cm umbilical incision was made using an open technique. The laparoscope was introduced into the abdominal cavity through this incision, and three intraabdominal fan retractors were introduced separately through the same incision. The abdominal wall was pulled upward using a small winching device, and a small transverse incision (2e3 cm in length) was made along the suprapubic line using conventional surgical techniques (Figure 2 ). In addition, one or two 5-mm ancillary ports were introduced suprapubically, if necessary. The cyst was punctured from the small transverse incision, and the cyst contents were aspirated for downsizing. The downsized cyst was extracted from the abdomen through the small transverse incision, and the cyst was enucleated extracorporeally (Figure 2 ).
Results
We scheduled cystectomy for patients with ovarian dermoid cysts using the bathtub method (n ¼ 37) or with LAC (n ¼ 37). Table 1 shows the baseline patient characteristics of the two patient groups. There were no significant differences in any of the variables. Two patients were excluded from the study: one patient scheduled for the bathtub method converted to LAC because of adhesions in the pouch of Douglas, and another patient scheduled for LAC converted to laparotomy because of adhesions in the omentum and abdominal wall.
Intraoperative cyst rupture occurred in 22 patients who received cystectomy with the bathtub method (61.1%), and the majority of the cyst contents spilled into the endoscopic bag. The total operative time and total blood loss for the bathtub method were 110.4 ± 27.8 minutes and 8.3 ± 34.3 mL, respectively, compared with 115.7 ± 23.8 minutes and 19.9 ± 35.3 mL, respectively, for LAC, with no significant differences between groups ( Table 2 ). The WBC count and CRP level on postoperative Day 1 were 7708.3 ± 1920.0/mL and 0.91 ± 1.0 mg/dL versus 9913.9 ± 2644.9/mL and 2.7 ± 1.9 mg/dL for the bathtub method versus LAC, respectively. Both WBC count and CRP level on postoperative Day 1 were significantly different between groups (p < 0.01). The NRS scores for pain intensity did not differ between groups.
The levels of serum AMH during the preoperative period and at 1 month postoperatively in the bathtub method group were The laparoscope was introduced into the abdominal cavity through this incision, and the three intra-abdominal fan retractors were introduced separately through the same incision. The abdominal wall was pulled upward using a small winching device, and a small transverse incision was made along the suprapubic line using conventional surgical techniques. The cyst was punctured through the small transverse incision, and the cyst contents were aspirated for downsizing. The downsized cyst was extracted from the abdomen through the small transverse incision, and then the cyst was enucleated extracorporeally. (B) Location of small transverse incision.
4.1 ± 1.4 ng/mL and 3.3 ± 0.9 ng/mL, respectively. The decline rate of serum AMH was 85.4% of the preoperative AMH level; however, the mean serum AMH level measured at 1 month after the patients underwent cystectomy with the bathtub method was not significantly different from the preoperative AMH level (Figure 3) .
No intraoperative complications occurred. No short-term or long-term postoperative complications, such as high fever or infection, were found in either group. There were also no cases of secondary chemical peritonitis in either group. Figure 4 shows the surgical wound immediately after and 1 month following the operation in patients who underwent cystectomy with the bathtub method.
Discussion
In the bathtub method, inserting an endoscopic bag through a 12-mm vaginal port allows for reduced-port surgery with 3-mm forceps for enucleating ovarian dermoid cysts. The scars from the 5-mm umbilical port and 12-mm posterior vaginal fornix were almost invisible at 1 month postoperatively. The visible scars on the abdominal wall were only 3-mm wounds. Therefore, the aesthetic outcomes of the bathtub method were favorable. Intraoperative cyst rupture occurred frequently in this study, however, the majority of the cyst contents spilled into the endoscopic bag. There were no cases of secondary chemical peritonitis. The bathtub method was thus considered to be safe. The cysts were removed transvaginally from the abdominal cavity in the bathtub method, whereas abdominal ports with diameters of 2 cm were sometimes required to retrieve hard teeth or cartilage tissues from dermoid cysts in conventional laparoscopic cystectomy. The export pathways in the bathtub method were facile and convenient, because the vaginal wall is more flexible than the abdominal wall. Although 23 of 37 patients who underwent operation with the bathtub method were nulliparous, the vaginal wound was able to be closed transvaginally in all patients regardless of the patient's parity.
The bathtub method was also considered more minimally invasive compared with LAC based on the WBC counts and CRP levels on postoperative Day 1. Furthermore, dermoid cysts are the most common benign ovarian neoplasms occurring in women of fertile age 14 ; therefore, the influence of ovarian reserve on surgery should be noted. Among newly developed ovarian reserve tests, the serum AMH level has been recognized as an improved and informative marker. 15 AMH is produced by granulosa cells from preantral and small antral follicles, and therefore, AMH levels indirectly represent the total number of follicles. 16 The effects of cystectomy for nonendometriotic tumors on AMH levels have been assessed in a few studies. Iwase et al 17 reported that laparoscopic cystectomy for nonendometriomas caused postoperative AMH levels to be 83.9% of the preoperative AMH levels (3.92 ng/mL and 3.29 ng/mL before surgery and 1 month after cystectomy, respectively; p ¼ 0.044). Another study reported that serum AMH levels were lower at 1 week after laparoscopic cystectomy for nonendometriotic cysts (69.2% of the preoperative AMH levels; p < 0.05). 11 Laparoscopic ovarian cystectomy is associated with decreased ovarian reserve, as measured by serum AMH levels. In the cystectomy of dermoid cysts with the bathtub method, the serum AMH levels were also 85.4% of the preoperative AMH levels, however, there were no significant differences between baseline and 1-month postoperative levels. From the point of view of its influence on ovarian reserve, the bathtub method compared favorably with the other laparoscopic cystectomy method. Nevertheless, a disadvantage of the bathtub method, which is related to the 10-cm diameter of the endoscopic bag, could be the increased risk of spillage in cases of large tumors occupying the endoscopic bag. Furthermore, pregnant patients and patients with adhesions in the pouch of Douglas are not suitable candidates for the bathtub method. Therefore, the bathtub method is indicated for patients with cysts <7.5 cm in diameter, who are not pregnant, and who do not have adhesions in the pouch of Douglas. LAC is indicated for patients with large tumors, who are pregnant, or who have adhesions in the pouch of Douglas.
In conclusion, laparoscopic cystectomy of dermoid cysts with the bathtub method is an easy, safe, and minimally invasive technique. Therefore, women affected by dermoid cysts meeting the aforementioned criteria should be offered the option of treatment with the bathtub method. 
